



G y . K luge
L  3éki
ENERGY SPECTRA O F  N E U TR O N S
F R O M  ( n , n ' )  an d  ( n ,  2 n )  R E A C TIO N S
Ш с ч и г ^ т а п  Sdcadem ^ o f  ( S c i e n c e s
CENTRAL
RESEARCH
I  4  .. -





KFKI-7 2 -1 7
ENERGY SPECTRA OF NEUTRONS FROM 
( n , n ’> and  ( n ,2 n )  REACTIONS
G y.K luge and  l . J é k i
C e n t r a l  R e s e a rc h  I n s t i t u t e  f o r  P h y s i c s ,  B u d a p e s t ,  H ungary 
N u c le a r  P h y s i c s  D ep ar tm en t
ABSTRACT
E n ergy  s p e c tr a  o f  n e u tr o n s  from (n ,n 'J  and ( n ,2 n )  r e a c t io n s  
induced  by 14 MeV n e u tr o n s  have b een  c a lc u la t e d  in  term s Of the o r ig ­
in a l  W eissk op f model f o r  a number o f  ta r g e t  n u c le i .  The r e s u l t s  o f  
th e  c a l c u la t io n s  w hich  av o id  the u su a l a p p rox im ation s show very  good  
agreem ent w ith  the ex p er im en ta l d a t a .
РЕЗЮМЕ
На основе оригинальной модели Вейскопфа было определено рас­
пределение по энергии нейтронов, возникающих в реакциях (  п п О  и 
(п, ап)» вызванных нейтронами о энергией 14 Мэв. В случае большого чи­
сла ядер мишени расчетные и измеренные значения хорошо согласовывались.
KIVONAT
Az e r e d e t i  V íeisskopf m o d e ll k e r e té b e n  k is z á m íto t tu k  a 14 MeV-e 
n eu tro n o k k a l e l ő i d é z e t t  (п ,п*) é s  (n ,2 n ) rea k ció b a n  k i lé p ő  neutronok  
e n e r g ia e lo s z lá s á t .  A s z á m íto t t  é s  mért é r té k e k  nagyszám ú targetm ag e s e ­
tében  n agyon  jó  e g y e z é s t  m utatnak .
1 .  INTRODUCTION
The s t u d y  o f  i n e l a s t i c  n e u t r o n  s c a t t e r i n g  (INS) and ( n ,2 n )  
r e a c t i o n s  i s  e x p e c i a l l y  u s e f u l  f o r  th e  i n v e s t i g a t i o n  o f  t h e  i n t e r n a l  
s t r u c t u r e  o f  n u c l e i  a t  e x c i t a t i o n  e n e r q i e s  o f  s e v e r a l  t e n s  o f  MeY. A 
c o n s i d e r a b l e  num ber o f  n e u t r o n  s p e c t r a  from  (n ,n * )  a n d  ( n ,2 n )  r e ­
a c t i o n s  m e asu re d  a t  14 MeV b om bard ing  n e u t ro n  e n e rg y  h a s  b e e n  a l r e a d y  
r e p o r t e d  and a n a ly z e d  by f i t t i n g  w i t h  s i m p l i f i e d  e v a p o r a t i o n  f o rm u la e  
d e r i v e d  i n  te rm s  o f  the  compound n u c l e u s  (CN) t h e o r y .  I t  w i l l  be Bhown 
t h a t  more p r e c i s e  CN model c a l c u l a t i o n s  can  p r o v e  more d e f i n i t e l y  t h e  
v a l i d i t y  o f  th e  CN model o r  t h a t  t h e y  can g i v e  more i n f o r m a t i o n  a b o u t  
th e  e f f e c t  o f  th e  d i r e c t  r e a c t i o n  m echanism .
2 .  THEORY
As a r u le ,  in  a c o n s id e r a b le  p a rt o f  the p o s s ib l e  energy i n ­
t e r v a l  n eu tro n s  f ro m  b o th  (n ,n*) and ( n ,2 n )  r e a c t io n s  c o n tr ib u te  
to  the en ergy  sp e c tr a  o f  the n eu tr o n s  e m itte d  a t  14 MeV bombarding n eu ­
t r o n  en erg y . Assum ing th a t  the e x c i t a t i o n  e n e r g y  o f  the compound n u c le u s  
w i t h  N n eu tro n s  and Z p ro to n s  (A * N + Z ) i s  so h ig h  th a t th e  
s t a t i s t i c a l  th e o r y  a p p l ie s  to  b oth  th e  compound and the r e s id u a l  n u c l e i ,  
the e n e rg y  s p e c tr a  o f  the e m itte d  n eu tro n s  can  be r e a so n a b ly  w e ll  d e ­
s c r i b e d  in  term s o f  th e o r i g in a l  W eissk op f fo r m u la t io n  [ l ]
I f ,  th e  r e s id u a l  n u c le i  a f t e r  the f i r s t  n eu tro n  e m iss io n  have  
enough en ergy  f o r  the e m is s io n  o f  fu r th e r  n e u tr o n s , the c o n tr ib u t io n  
f ro m  the l a t t e r  e n te r s  a s  an a d d it io n a l  term in t o  the d i f f e r e n t i a l  c r o s s  
s e c t i o n  i n  th e form
§ §  = n (e ) e, ^ ( E )  + c 2 »P2 ( e ) / 1 /
where ^ ( e ) and  ^2 ( e ) a r e  t h e  c o n t r i b u t i o n s  from  th e  f i r s t  and  
t h a t  from  th e  seco n d  n e u t r o n  e m is s io n ,-  r e s p e c t i v e l y .  ^ ( e ) and (E )  
are g iv e n  by
2^ ( e ) = Q1EaA ( E ) 1 -1 C®“ -® » -*?
“a <e  >
K2 - E
V ' :l ) - ° 2  J ' M E '> l i0A - l ( E ) "а- 2 ( Е' - ВА - Г ВА -2 -Е ' - Е)
“ a - i ( e* - b a - i - e ’)
where th e  c o n s t a n t  Q-j i s  c h o s e n  su c h  t h a t  we have




w h ile  th e  c o n s t a n t  Qp l e a d s  to
j f 2 ( E ) d E  = 1 .
o
а ^ л )  a n d  a r e  th e  c a p t u r e  c r o s s  s e c t i o n s  f o r  n e u t r o n s  o f  e n e rg y
E and t h e  b in d i n g  e n e r g i e s ,  r e s p e c t i v e l y  i n  n u c l e i  w i t h  i  = A, A - l ,  
A -2. E* i s  th e  i n i t i a l  e x c i t a t i o n  en e rg y  o f  th e  compound n u c le u s  w i th  
mass num ber A and K? = E* -  Вд -  %A_ i  s t a n d s  f o r  th e  maximum 
en erg y  o f  t h e  second  n e u t r o n .
The r e l a t i v e  s t r e n g t h  Cp o f  th e  se c o n d  te rm  i s  d e te rm in e d  
by W e i s s k o p f ’ s h y p o t h e s i s  t h a t  n e u t r o n s  a r e  a lw a y s  e m i t t e d  i f  i t  i s  en­
e r g e t i c a l l y  a l lo w e d .  T h is  can  be e x p r e s s e d  by  th e  c o n d i t i o n  t h a t
о
f 1 (E)dE  = C2
о
f 2 ( E ) d E  = C2
The s p e c t r a  f  ( E ) sind f  (E ) a r e  u s u a l l y  a p p ro x im a te d  by 
s im ple  e v a p o r a t i o n  s p e c t r a  w i t h  p a r a m e te r s  T-^  and Tp, r e s p e c t i v e l y .  
The d i f f e r e n t i a l  c r o s s  s e c t i o n  i s  th e  g i v e s  a s
n ( e ) =
where p = 1 
s e c t i o n s  f o r
/  1 E ( E \ n E / E )j / 4 /( l +П T2 eX4 ' T l ) + l + n  T 2 eXPV" 2 T 2
w i t h  on > n , a n d ° n ,2 n b e i n g t h e t o t a l  c r o s s
 о _ n r 2
°n ,2 n
a n , n ’
( n , n ’ ) and  ( n , 2 n )  r e a c t i o n s .
T h i s  a p p r o x im a t io n  i s  t h e o r e t i c a l l y  d i f f i c u l t  to  j u s t i f y  and 
seems to  h a v e  been  a d o p te d  o n ly  Ь есаи зе  a n  a p p r o x im a t i o n  o f  t h i s  ty p e  
works w e l l  f o r  th e  s im p le  ( n , n * )  r e a c t i o n s .
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An a l t e r n a t i v e  a p p ro a c h  i s  th e  be  C o u te u r  and  Lang t y p e  [2] 
c a s c a d e  c a l c u l a t i o n ,  a p p l i c a b l e  to  c a s e s  when the i n i t i a l  e x c i t a t i o n  
e n e rg y  i s  h ig h  enough  f o r  s e v e r a l  n e u t r o n s  to  he e m i t t e d  i n  s u c c e s s i o n .  
The d i f f e r e n t i a l  r e a c t i o n  c r o s s  s e c t i o n  i s  th e n  a p p ro x im a te d  by
N(E) a- e 5 /1 1  oa (e ) e x p 'j I S I
where th e  p a r a m e te r  Te f f  i s  r e l a t e d  to  th e  n u c l e a r  t e m p e r a t u r e  
g o v e r n in g  the  e m is s i o n  o f  t h e  f i r s t  n e u t r o n  as
m = .1_1^ m
e f f  12 1
T h is  a p p r o x im a t io n  to  ( n , 2 n )  r e a c t i o n s  i s  q u e s t i o n a b l e  b e c a u s e  o f  the  
r e l a t i v e l y  low e x c i t a t i o n  e n e r g i e s  a v a i l a b l e  f o r  t h e  s u c c e s s i v e  n e u t ro n  
e m is s i o n  i n  o u r  c a s e .  T h is  f a c t  i s  a p p a r e n t  from a  num ber o f  e n e r g y  
s p e c t r a  m easured  by A n u f r ie n k o  e t  a l . [3] and S a ln i k o v  e t  a l .  [4] a t  
14 MeV bom bard ing  n e u t r o n  e n e r g y .  These a u t h o r s  t r i e d  to  make e y e - g u id e  
f i t s  to  th e  e m i t t e d  n e u t r o n  e n e r g y  s p e c t r a  some o f  w h ich  r e s e m b le d  the 
form  o f  e q .  / 4 /  w h i le  o t h e r s  w ere more s i m i l a r  to  t h e  form  o f  e q .  / 5 /  .
3 .  CALCULATIONS
The c r o s s  s e c t i o n  c a l c u l a t i o n s  w ere  made f o r  a t w o - s t e p  n e u t ro n  
c a s c a d e  e m is s io n s  u s in g  th e  f o rm u la  / 1 /  d e r i v e d  from  th e  CN th e o ry  
w i th o u t  h a v in g  r e c o u r s e  to  s u c h  rough  a p p ro x im a tio n s a s  in v o lv e d  i n  ex­
p r e s s i o n  L4] . We w orked  a ls o  w ith o u t th e  a ssu m p tion  o f  such  h i g h  e x c i t a  
t i o n  e n e r g y  a s  n e e d e d  fo r  a h ig h  e m is s io n  p r o b a b i l i t y  8 f  s e v e r a l  neu­
t r o n s .  A l l  th e  a p p rox im ation s used  in  o u r ’ c a lc u la t io n s  are t h e o r e t i c a l l y  
e s t a b l i s h e d  and w e l l  d e f in e d .
I n  can  be se e n  th a t th e n eu tron  ca p tu re  c r o s s  s e c t io n  i n  eq .
/  1 /  co v e r  a r a th e r  wide en erg y  in t e r v a l  com p risin g  q u ite  low  e n e r g ie s  
to o . S in c e  in  t h i s  c a se  i t  seem s in a d m is s ib le  to  assum e the n e u tr o n  cap­
t u r e  c r o s s  s e c t io n  to  be c o n s t a n t ,  we u sed  the e m p ir ic a l  form u la  o f  
D ostro v sk y  e t  a l .  [5] w hich ap p rox im ates th e en ergy  and mass dependence  
o f  th e n eu tro n  ca p tu re  c r o ss  s e c t io n s  f a i r l y  w e ll  f o r  n u c le i  w ith  mass 
numbers s im ila r  th o se  in v o lv e d  in  our c a l c u l a t i o n s ,  and has th e  form
4од ( Е  ) ^ а + t i / Е
w here  а = 2 . 2  + 0 .7  к 2^  and ß =  2 .1 2  A-2 //?  -  0 . 0 5
The l e v e l  d e n s i t i e s  were o b t a i n e d  by th e  method o f  G i l b e r t  
and  Cameron [6] who u sed  a  " c o n s t a n t  n u c l e a r  t e m p e r a t u r e "  a p p ro a c h  
a t  low e x c i t a t i o n  e n e r g i e s  an d  the  r e g u l a r  Ferm i g a s  f o r m u la  c o n t a i n i n g  
p a i r i n g  and s h e l l  c o r r e c t i o n s  a t  h i g h e r  e x c i t a t i o n  e n e r g i e s  a t  whi h 
th e  d e n s i t y  o f  th e  e n e rg y  l e v e l s  a t  e n e r g y  E i s  g iv e n  a s
oj^ ( e ) = c o n s t . e x p  ( 2 / a U ') /  ^  A ^ " 0
w here  U = E -  P (Z ) -  P (Я  ) , an d  P ( Z ) and  P ( N ) a r e  the  
p a i r i n g  e n e r g i e s .  Below a  g i v e n  e n e r g y  = 2 . 5  + 150/A + P (Z  ) +
P  ( N )  (MeV)
ш2 (Е) = I  e x p f ( E  -  Eo) / t]
w here  Eq an d  T a re  d e te r m in d e d  b y  e q u a l i z i n g  th e  two l e v e l  d e n s i ­
t i e s  ш and t h e i r  d e r i v a t i v e s  a t  E = E^.. The p a r a m e te r  a  i n  th e  f o r ­
m ula  f o r  ш-j^CE) i s  g i v e n  a s
a  = (0 .00917S  + c)A
w here  S = S ( Z )  + S ( N )  a re  th e  s h e l l  c o r r e c t i o n s  a n d  th e  v a lu e  
o f  C i3  0 . 1 4 2  f o r  u n d efo rm e d  0 . 1 2 0  f o r  d e fo rm e d  n u c l e i .  The numer­
i c a l  v a lu e s  o f  S and P w ere t a k e n  from  r e f .  [3]
4 .  RESULTS AND DISCUSSION
The e x p e r i m e n t a l  d a t a  [3»4] a r e  com pared  w i th  t h e  r e s u l t s  o f  
o u r  c a l c u l a t i o n s  i n  f i g s .  1 - 3 .  f o r  m o s t  o f  th e  n u c l e i  u n d e r  c o n s i d e r a ­
t i o n  the  p r e d i c t i o n s  a r e  i n  s u r p r i s i n g l y  good ag re e m e n t  w i t h  the  e x p e r i ­
m e n ta l  v a l u e s ,  i f  one c o n s i d e r s  t h a t  s t a t i s t i c a l  d e s c r i p t i o n  w i th o u t  
f r e e  p a r a m e te r s  and a  more r i g o u s  t r e a t m e n t  h a s  b e e n  u s e d  th a n  in  th e  
e a r l i e r  a p p r o a c h e s .  Even f o r  the n u c l e i  Mg, S , Ca where th e  c a l c u l a ­
t i o n s  f o r  a  t a r g e t  o f  n a t u r a l  i s o t o p i c  abundance  f a i l e d  t o  re p ro d u c e  th e  
e x p e r i m e n t a l  ( n ,2 n )  c o n t r i b u t i o n ,  show v e ry  good  a g re e m e n t  i f  we c a l c u ­
l a t e  o n ly  w i t h  c o n t r i b u t i o n s  from t h e  s p e c i f i c  i s o t o p i c  s u b j e c t  to
- 5 -
( n ,2 n )  r e a c t i o n  2 5 ,2 6 Mg, 54S, ' ^ C a .
The d e v i a t i o n s  a t  h i g h e r  e n e r g i e s  can  be  a t t r i b u t e d  to  c o n t r i b u ­
t i o n s  from  d i r e c t  r e a c t i o n s ,  u n c e r t a i n t i e s  o f  l e v e l  d e n s i t i e s  and neu ­
t r o n  c a p t u r e  c r o s s  s e c t i o n s .
The n u m e r i c a l  r e s u l t s  o f  o u r  c a l c u l a t i o n  f o r  th e  sum o f  c o n t r i ­
b u t i o n s  from ( n ,n * >) and ( n , 2 n )  r e a c t i o n s  a r e  i n c lu d e d  i n  T ab les
4 25 541 - 6 .  T a b le s  5 -6  c o n t a i n  th e  n u m e r i c a l  s p e c t r a  f o r  Mg, S and
44Ca t a r g e t  n u c l e i .  A lso ex a m p le s  w i th  somewhat ch an g ed  l e v e l  d e n s i t y
p a r a m e te r s  as  t e s t s  f o r  th e  s e n s i t i v i t y  o f  the  r e s u l t s  f o r  t h e  income
p a r a m e t e r s  a r e  i n c l u d e d .
The s h a p e s  o f  th e  s p e c t r a  o f  n e u t r o n s  f ro m  ( n ,n * )  and  ( n , 2 n )  
r e a c t i o n s ,  r e s p e c t i v e l y ,  a r e  d e te rm in e d  by th e  v a l u e s  o f  n e u t r o n  b in d in g  
and p a i r i n g  e n e r g i e s .  The r e l a t i v e  p o s i t i o n s  o f  t h e s e  two s p e c t r a  and 
t h a t  o f  s p e c t r a  f ro m  d i f f e r e n t  i s o t o p e s  cau se  i n  some c a s e s  re m a rk a b le  
d e v i a t i o n s  from a  s i n g l e  sm ooth  d e e p l e s s  composed s p e c tru m .
The a d v a n ta g e  o f  th e  method i s  t h a t  i t  a v o i d s  the  u s e  o f  d i f ­
f e r e n t  e v a p o r a t i o n  fo rm u la s  w i th  one o r  two " n u c l e a r  t e m p e r a t u r e s " ,  t h e  
p h y s i c a l  i n t e r p r e t a t i o n  o f  w h ich  i s  a lw a y s  am b ig u o u s .
a s  com par w i th  th e  d e t a i l e d  H a u s e r -F e s h b a c h  m ethod [ 7] the  
c o m p u ta t i o n a l  p r o c e s s  i s  more s im p le  and  t h e r e f o r e  i t  can  be e x ten d ed  
w i th  a  r e a s o n a b l e  tim e c o n s u m p t io n  to  e n e rg y  s p e c t r a  o f  c a s c a d e s  w i th  
s e v e r a l  te rm s and  to  a l a r g e  number o f  n u c l e i  a s  r e q u i r e d  e . g .  f o r  
f i s s i o n  n e u t r o n  s p e c t ru m  c a l c u l a t i o n s  [8 ] ,
T a b le  1
En
MeV
1 , N (E ) < _!______________
Na К Ti I n
0 . 2 0 .2 0 9 7 0 .2 4 6 4 0 .2 6 5 3 0 .3 8 2 3
0 . 4 0 .2 5 4 4 0 .2 6 3 1 О .347О 0 .4 9 7 7
0 .6 0 .2 6 4 2 0 .2 3 0 6 0 .3 8 2 1 О.5292
0 .8 0 .2 5 0 4 0 .1 8 8 2 0 .3 8 7 6 O .5I 29
1 . 0 0 .2 2 3 0 0 .1 8 1 7 О .377О 0 .4 7 1 7
1 . 2 0 .1 9 0 9 0 .1 9 1 6 0 .3 5 1 8 0 .4 1 9 8
1 . 4 0 .1 6 2 0 0 .1 9 7 3 0 .3 1 8 2 0 .3 6 5 3
1 . 6 0 .1 4 5 9 0 .1 9 9 4 0 .2809 O .3I 27
1 . 8 0 .1 4 8 0 0 .1 9 8 6 0 .2 4 3 8 0 .2 6 4 5
2 . 0 0 .1 4 8 5 0 .1 9 5 8 0 .2 1 0 1 0 .2 2 1 5
2 . 2 0 .1 4 7 6 0 .1 9 1 0 0 .1 8 2 2 0 .1 8 4 1
2 . 4 0 .1 4 5 6 0 .1 8 4 9 0 .1630 O . I 52O
2 . 6 0 .1 4 2 7 0 .1 7 7 7 0 .1 5 0 8 0 .1 2 4 8
2 . 8 0 .1 3 9 1 0 .1 6 9 8 0 .1 3 8 6 0 .1 0 1 9
3 . 0 0 .1 3 5 0 0 .1 6 1 4 0 .1 2 6 9 0 .0 8 2 8
3 . 2 0 .1 3 0 5 0 .1 5 2 8 0 .1157 0 .0 6 7 0
3 . 4 0 .1 2 5 7 0.144-0 O.IO5O 0 .0 5 3 9
3 . 6 0 .1 2 0 7 0 .1 3 5 3 О.О949 0 .0 4 3 3
3 . 8 0 .1 1 5 5 0 .1 2 6 8 0 .0 8 5 3 О.О345
4 . 0 0 .1 1 0 3 0 .1 1 8 6 0 .0 7 6 4 0 .0 2 7 4
4 . 2 O .IO 5I 0 .1 1 0 6 0 .0 6 8 1 O.O2I 7
4 . 4 0 .0 9 9 9 0 .1 0 2 9 0 .0 6 0 5 O.OI7I
4 . 6 0 .0 9 4 8 0 .0 9 5 4 0 .0 5 3 6  • 0 .0 1 3 6
4 . 8 0 .0 8 9 8 0 .0 8 8 2 0 .0 4 7 3 0 .0 1 0 7
5 .0 0 .0 8 4 9 0 .0 8 1 3 0 .0 4 1 7 0 .0085
5 . 2 0 .0 8 0 2 0 .0748 0 .0 3 6 7 0 .0 0 6 8
5 . 4 0 .0 7 5 6 0 .0686 0 .0 3 2 2 0 .0 0 5 4
5 . 6 0 .0 7 1 2 0 .0 6 2 8 0 .0 2 8 4 0 .0 0 4 3
5 . 8 0 .0 6 7 0 0 .0 5 7 3 0 .0 2 4 9 О.ОО34
6 . 0 0 .0 6 2 9 0 .0 5 2 3 0 .0 2 1 9 0 .0 0 2 6
6 . 2 0 .0 5 9 1 0 .0 4 7 6 0 .0 1 9 2 0 .0 0 2 1
6 . 4 0 .0554 0 .0 4 3 0 0 .0 1 6 8 0 .0 0 1 6
6 . 6 O.O5I 9 0 .0 3 9 1 0 .0 1 3 7 0 .0 0 1 2
6 . 8 0 .0 4 8 5 0 .0 3 5 5 0 .0 1 1 5 0 .0 0 1 0
7 . 0 0 .0 4 5 4 0 .0 3 2 2 0 .0 1 0 1 0 .0 0 0 7
7 . 2 0 .0 4 2 4 0 .0 2 9 2 0 .0088 0 .0006
7 . 4 0 .0 3 9 6 0 .0 2 6 5 0 .0 0 7 6 0 .0 0 0 4
7 . 6 О.О37О 0 .0240 0 .0 0 6 7 0 .0 0 0 3
7 . 8 О.О345 0 .0 2 1 7 0 .0 0 5 8 0 .0 0 0 2
8 . 0 0.0321 0 .0 1 9 7 0 .0050 0 .0 0 0 2
8 . 2 0 .0 2 9 9 0 .0 1 7 8 0 .0044 0 . 0 0 0 1
8 . 4 0 .0 2 7 8 0 .0 1 6 1 0 .0 0 3 8 0 . 0 0 0 1
8 . 6 0.0259 0 .0 1 4 5 О.ООЗЗ
8 . 8 0 .0 2 4 1 0 .0 1 3 1 0 .0 0 2 9
9 .0 0 .0 2 2 4 0 .0 1 1 8 0 .0 0 2 5
9 . 2 0 .0 2 0 8 0 .0 1 0 7 0 .0 0 2 2
9 . 4 0 .0 1 9 3 0 .0 0 9 6 0 .0 0 1 9
9 . 6 0 .0 1 7 9 0 .0 0 8 7 0 .0 0 1 6
9 . 8 0 .0 1 6 6 0 .0 0 7 8 0 .0 0 1 4
1 0 .0 O .O I54 0 .0 0 7 0 0 .0 0 1 2
-  7 -
T ab le  2.
En
MeV
< n (e ')
Sb I C8 Ce
0 . 2 0 .3 7 7 1 0 .3 8 2 9 0 .3 1 4 8 0 .3 + 0 5
0 .4 0 .4 9 2 3 0 .4 9 8 7 0 .4 2 5 1 0 .4 3 4 3
0 .6 0 .5 2 3 9 0 .5 2 9 0 0 .4 6 6 3 0 .4 5 6 5
0 . 8 0 .5 0 8 2 0 .5 1 1 2 0 .4 6 5 4 0 .4 4 4 8
1.0 0 .4 6 7 9 0 .4 6 8 9 0 .4 4 0 4 0 .4 1 8 2
1 .2 0 .4 1 6 9 0 .4 1 6 5 0 .4031 0 .3 8 5 1
1 .4 0 .3 6 3 4 0 .3 6 1 9 0 .3 6 0 7 0 .3 4 8 4
1 .6 0 .3 1 1 8 0 .3 0 9 7 0 .3 1 7 7 0.3101
1 .8 0 .2 6 4 4 0 .2 6 2 0 0 .2 7 6 5 0 .2 7 2 4
2 .0 0 .2 2 2 1 0 .2 1 9 8 0 .2 3 8 4 0 .2 3 7 0
2 .2 0 .1 8 5 1 0 .1 8 3 0 0 .2 0 4 1 0 .2 0 4 4
2 .4 0 .1 5 3 6 0 .1 5 1 6 0 .1 7 3 7 0 .1 7 5 1
2 .6 0 .1 2 6 7 0 .1 2 4 9 0 .1 4 7 1 0 .1 4 9 1
1 .8 0 .1040 0 .1 0 2 5 0 .1 2 4 0 0 .1 2 6 3
5 .0 0 .0 8 5 0 0 .0 8 3 7 0 .1 0 4 1 0 .1 0 6 4
3 .2 0 .0 6 9 1 0 .0 6 8 1 0 .0 8 7 0 0 .0 8 9 3
3 .4 0 .0 5 6 0 0 .0 5 5 2 0 .0 7 2 5 0 .0 7 4 6
3 .6 0 .0 4 5 2 0 .0 4 4 6 0 .0 6 0 2 0 .0 6 2 1
3 .8 0 .0 3 6 4 0 .0 3 5 9 0 .0 4 9 9 0 .0 5 1 5
4 .0 0 .0 2 9 1 0 .0 2 8 8 0 .0 4 1 2 0 .0 4 2 5
4 .2 0 .0 2 3 3 0 .0 2 3 0 0 .0 3 3 9 0 .0 3 5 1
4 .4 0 .0 1 8 6 0 .0 1 8 4 0 .0 2 7 9 0 .0 2 8 9
4 .6 0 .0 1 4 8 0 .0 1 4 7 0 .0230 0 .0 2 3 9
4 .8 0 .0 1 1 9 0 .0 1 1 8 0 .0 1 9 0 0 .0 1 9 8
5 .0 0 .0 0 9 6 0 .0 0 9 5 0 .0 1 5 8 0 .0 1 6 5
5 .2 0 .0 0 7 7 0 .0 0 7 7 0 .0 1 3 2 0 .0 1 3 7
5 .4 0 .0 0 6 2 0 .0 0 6 1 0 .0 1 0 9 0 .0 1 1 4
5 .6 0 .0 0 4 9 0 .0 0 4 9 0 .0 0 9 0 0 .0 0 9 4
5 .8 0 .0 0 3 9 0 .0 0 3 9 0 .0 0 7 4 0 .0 0 7 7
6 .0 0 .0 0 3 1 0 .0 0 3 1 0 .0 0 6 1 0 .0 0 6 4
6 .2 0 .0 0 2 4 0 .0 0 2 4 0 .0 0 5 0 0 .0 0 5 2
6 .4 0 .0 0 1 9 0 .0 0 1 9 0 .0 0 4 1 0 .0 0 4 2
6 .6 0 .0 0 1 5 • 0 .0 0 1 5 0 .0 0 3 3 0 .0 0 3 4
6 .8 0 .0 0 1 1 0 .0 0 1 1 0 .0027 0 .0 0 2 8
7 .0 0 .0 0 0 9 0 .0 0 0 9 • 0 .0 0 2 1 0 .0 0 2 2
7 .2 0 .0 0 0 7 0 .0 0 0 7 0 .0 0 1 7 0 .0 0 1 8
7 .4 0 .0 0 0 5 0 .0 0 0 5 0 .0 0 1 4 0 .0 0 1 4
7 .6 0 .0 0 0 4 0 .0 0 0 4 0 .0 0 1 1 0 .0 0 1 1
7 .8 0 .0 0 0 3 0 .0 0 0 3 0 .0 0 0 9 0 .0 0 0 9
8 .0 0 .0 0 0 2 0 .0 0 0 2 0 .0 0 0 7 0 .0 0 0 7
8 .2 0 .0 0 0 2 0 .0 0 0 2 0 .0 0 0 5 0 .0 0 0 5
8 .4 0 .0 0 0 1 0 .0 0 0 1 0 .0 0 0 4 0 .0 0 0 4
8 .6 0 .0 0 0 1 0 .0 0 0 1 0 .0 0 0 3 0 .0 0 0 3
8 .8 0 .0 0 0 2 0 .0 0 0 2
9 .0 0 .0 0 0 2 0 .0 0 0 2
9 .2 0 .0 0 0 1 0 .0 0 0 2
9 .4 0 .0 0 0 1 0 .0 0 0 1
8T a b le  3
En ' ' N (E T1
MeV Та . Нк ....... Cr Mn
0 . 2 0 .4 1 7 3 0 .3 5 1 1 0 .2 7 3 3 0 .1 7 9 0
0 .4 0 .5 4 8 2 0 .4 4 6 8 0 .3 5 4 4 0 .2 5 2 1
0 . 6 0 .5 7 7 7 0 .4 8 5 4 0 .3 8 2 9 0 .2 9 7 6
0 . 8 0 .5 5 1 1 0 .4 8 0 3 0 .3 7 6 5 0 .3 2 1 9
1 .0 0 .4 9 6 8 0 .4 5 0 4 0 .3 4 9 1 0 .3 3 0 1
1 . 2 0 .4 3 1 9 0 .4 0 9 1 0 .3 1 2 4 0 .3 2 6 3
1 . 4 0 .3 6 6 2 0 .3 6 3 3 0 .2 7 2 4 0 .3 1 4 1
1 . 6 0 .3 0 5 1 0 .3 1 8 2 0 .2 3 4 7 0 .2 9 5 9
1 . 8 0 .2 5 0 9 0 .2 7 5 4 0 .2 0 4 2 0 .2 7 3 9
2 . 0 0 .2 0 4 4 0 .2 3 6 2 0 .1 8 6 6 0 .2 4 9 9
2 . 2 0 .1 6 5 4 0 .2 0 0 6 0 .1 7 8 2 0 .2 2 5 2
2 . 4 0 .1 3 3 1 0 .1 6 8 5 0 .1 6 8 7 0 .2 0 0 7
2 . 6 0 .1 0 6 7 0 .1 3 9 8 0 .1 5 8 6 0 .1 7 7 3
2 . 8 0 .0 8 5 3 0 .1 1 5 2 0 .1480 0 .1 5 5 5
з . о 0 .0 6 8 1 0 .0 9 4 3 0 .1 3 7 4 0 .1 3 5 9
3 . 2 0 .0542 0 .0770 0 .1268 0 .1 1 8 8
3 . 4 0 .0 4 3 1 0 .0 6 2 9 0 .1 1 6 5 0 .1 0 4 4
3 . 6 0 .0 3 4 1 0 .0 5 1 2 0 .1 0 6 5 0 .0 9 2 9
3 . 8 0 .0 2 7 0 0 .0 4 1 7 0 .0 9 7 1 0 .0 8 4 6
4 . 0 0 .0 2 1 3 0 .0 3 3 8 0 .0 8 8 1 0 .0 7 8 6
4 . 2 0 .0 1 6 8 0 .0 2 7 4 0 .0 7 9 7 0 .0 7 2 8
4 . 4 0 .0 1 3 1 0 .0 2 2 2 0 .0 7 1 8 0 .0 6 7 2
4 . 6 о . о ю з 0 .0 1 7 9 0 .0 6 4 5 0 .0 6 1 9
4 . 8 0 .0080 0 .0 1 4 4 0 .0 5 7 8 0 .0 5 6 8
5 .0 0 .0 0 6 2 0 .0 1 1 6 0 .0 5 1 6 0 .0 5 2 0
5 . 2 0 .0048 0 .0 0 9 3 . 0 .0 4 5 9 0 .0 4 7 4
5 . 4 0 .0 0 3 7 0 .0 0 7 4 0 .0 4 0 8 0 .0 4 3 2
5 . 6 0 .0 0 2 9 0 .0 0 5 9 0 .0 3 6 1 0 .0 3 9 2
5 . 8 0 .0 0 2 2 0 .0 0 4 7 0 .0 3 1 9 0 .0 3 5 5
6 .0 0 .0017 0 .0 0 3 8 0 .0 2 3 9 0 .0 3 2 1
6 . 2 0 .0 0 1 3 0 .0030 0 .0 2 1 9 0 .0 2 8 9
6 . 4 0 .0010 0 .0 0 2 4 0 .0 1 9 2 0 .0 2 6 0
6 . 6 0 .0 0 0 7 0 .0 0 1 9 0 .0 1 6 9 0 .0 2 3 3
6 . 8 0 .0 0 0 5 0 .0 0 1 5 0 .0 1 4 9 0 .0 2 0 9
7 .0 0 .0 0 0 4  • 0 .0 0 1 2 0 .0130 0 .0 1 8 6
7 . 2 0 .0 0 0 3 0 .0 0 0 9 0 .0 1 1 4 0 .0 1 6 6
7 . 4 0 .0 0 0 2 0 .0 0 0 7 0 .0 1 0 0 0 .0 1 4 7
7 . 6 0 .0 0 0 2 0 .0 0 0 5 0 .0 0 8 8 0 .0 1 3 1
7 .8 0 .0 0 0 1 0 .0 0 0 4 0 .0 0 7 7 0 .0 1 1 6
8 .0 0 .0 0 0 3 0 .0 0 6 7 0 .0 1 0 2
8 . 2 0 .0 0 0 3 0 .0 0 5 8 0 .0 0 9 1
8 . 4 0 .0 0 0 2 0 .0 0 5 1 0 .0 0 8 0
8 . 6 0 .0 0 0 1 0 .0045 0 .0 0 7 1
8 . 8 0 .0 0 0 1 0 .0 0 3 9 0 .0 0 6 3
9 .0 0 .0 0 3 4 0 .0 0 5 5
9 .2 о .о о з о 0 .0 0 4 9
9 .4 0 .0 0 2 6 0 .0 0 4 3
9 .6 0 .0 0 2 2 0 .0 0 3 8
9 .8 . 0 .0 0 1 9 0 .0 0 3 3
1 0 .0 0 .0 0 1 7 0 .0 0 2 9





Zn S r Pb Bi
0 .2 0 .2 7 1 4 0 .2 6 6 3 0 .1 9 5 4 0 .1 9 4 1
0 .4 0 .3 6 5 9 0 .3 6 4 3 0 .2 8 7 1 0 .2 8 7 7
0 . 6 0 .4 0 8 9 0 .4 0 9 7 0 .3 3 7 4 0 .3 4 0 5
0 .8 0 .4 1 5 9 0 .4 1 9 2 0 .3 5 8 4 0 .3 6 4 2
1.0 0 .3 9 8 8 0 .4 0 5 2 0 .3 5 9 4 0 .3 6 7 7
1 .2 0 .3 6 7 0 0 .3 7 6 7 0 .3 4 7 4 0 .3 5 7 6
1 .4 0 .3 2 7 6 0 .5 4 0 2 0 .3 2 7 5 0 .3 3 8 9
1 .6 0 .2 8 6 2 0 .3 0 0 5 0.3031 O .3I 5O
1 .8 0 .2 4 6 7 0 .2 6 0 8 0 .2 7 7 0 0 .2 8 8 7
2 .0 0 .2 1 2 4 0 .2 2 3 5 0 .2 5 0 7 0 .2 6 1 5
2 .2 0 .1 8 6 4 0 .1 9 0 1 0 .2 2 5 5 О .2349
2 .4 0 .1 6 5 8 0 .1 6 1 7 0 .2 0 2 1 О .2О94
2 .6 0 .1 4 6 7 0 .1 3 8 9 0 .1 8 1 0 0 .1 8 5 7
2 .8 0 .1 2 9 8 0 .1 2 1 3 0 .1 6 1 9 0 .1 6 3 9
з л 0 .1 1 5 6 0 .1 0 9 3 0 .1 4 4 3 0 .1 4 4 1
3 .2 0 .1 0 3 4 0 .0 9 9 2 0 .1 2 8 2 0 .1 2 6 3
3 .4 0 .0 9 2 2 0 .0 8 9 5 0 .1 1 3 6  ■ 0 .1 1 0 5
3-6 0 .0 8 2 1 0 .0 8 0 4 0 .1 0 0 4 0 .0 9 6 3
3 .8 0 .0 7 3 0 0 .0 7 2 0 0 .0 8 8 5 0 .0 8 3 8
4 .0 0 .0 6 5 1 0 .0 6 4 1 0 .0 7 7 8 0 .0 7 2 8
4 .2 0 .0 5 7 7 0 .0 5 6 9 0 .0 6 8 3 0 ,0 6 3 1
4 .4 0 .0510 0 .0 5 0 4 0 .0 5 9 8 0.0545
4 .6 0 .0 4 4 9 ■ 0 .0 4 4 4 0 .0 5 2 3 0.0470
4 .8 0 .0 3 9 4 0 .0 3 9 0 0 .0 4 5 6 0 .0 4 0 5
5 .0 0 .0 3 4 4 0 .0 3 4 2 0 .0 3 9 7 0 .0 3 4 8
5 .2  . 0.0300 0 .0 2 9 9 0 .0 3 4 5 0 .0 2 9 9
5 .4 0 .0 2 6 0 0 .0 2 6 0 0 .0 2 9 9 0 .0256
5 .6 0 .0 2 2 5  ■ 0 .0 2 2 6 0 .0 2 5 9 0 .0 2 1 9
5 .8 0 .0 1 9 4 0 .0 1 9 6 0 .0 2 2 5 0 .0 1 8 7
6 .0 0 .0 1 6 7 0 .0 1 6 9 0 .0 1 9 5 0 .0 1 5 9
6 .2
6 .4
0 .0 1 4 3
0 .0 1 2 2
0 .0 1 4 5
0 .0 1 2 5
0 .0 1 6 9
0 .0 1 4 6
0 .0136  
0 .0 1 1 6
6 .6 0 .0 1 0 4 0 .0 1 0 7 0 .0 1 2 7 0 .0 1 0 0
6 .8 0 .0 1 3 5 0 .0 0 9 1 0 .0 1 1 0 0 .0 0 8 6
7 .0 0 .0 1 1 4 0 .0 0 7 7 0 .0 0 9 5 0 .0 0 7 37 .2 0 .C 097 0 .0 0 6 5 0 .0 0 8 2 0 .0 0 6 2
7 .4 0 .0 0 8 2 0 .0 0 5 5 0 .0 0 7 1 0 .0 0 5 37 .6 0 .0 0 6 9 0 .0 0 4 6 0 .0 0 6 1 0 .0 0 4 5
7 .8 0 .0 0 5 8 0 .0 0 9 2 0 .0 0 5 3 0 .0 0  38
8 .0 0 .0 0 4 9 0 .0 0 7 7 0 .0 0 4 5 0.0032
8 .2 0 .0 0 4 1 0 .0 0 6 5 0 .0 0 3 9 0 .0 0 2 78 .4 0 ,0 0 3 5 0 .0 0 5 4 0 .0 0 3 3 0 .0 0 2 38 .6 0 .0 0 2 9 0 .0 0 4 6 0 .0 0 2 8 0 .0 0 1 98 .8 0 .0 0 2 5 0 .0 0 3 8 0 .0 0 2 4 0 .0 0 1 6
9 .0 0.002.1 0 .0 0 3 2 0 .0 0 2 0 0 .0 0 1 39 .2 0 .0 0 1 7 0 .0 0 2 7 0 .0 0 1 7 0 .0 0 1 19 .4 0 .0 0 1 5 0 .0 0 2 2 0 .0 0 1 4 0 .0 0 0 99 .6 0 .0 0 1 2 0 .0 0 1 9 0 .0 0 1 5 0 .0 0 0 79 .8 • 0 .0 0 1 0 0 .0 0 1 6 0 .0 0 1 3 0 .000610 .0 0 .0 0 0 8 0 .0 0 1 3 0 .0 0 1 0 0.0005
10




q d e f . „ n o n . d e f . 3 4 cn o n .  def.
MeV MS n a t . b n a t . bn a t .
О
0 . 2 0 .0 9 7 9 0 .1 3 3 9 0 .0 6 5 8 0 .0 8 0 5 O .2I 3O
0 . 4 0 .1 3 6 5 0 .1 8 8 6 0 .0 9 5 8 0 .1 1 6 1 0 .2 8 4 7
0 . 6 0 .1 6 5 2 0 .2 3 0 6 0 .1 1 9 5 0 .1 4 3 6 0 .3 2 4 0
0 . 8 0 .1 8 5 7 0 .2 6 1 7 0 .1 3 8 1 0 .1 6 4 4 0 .3 3 8 1
1 .0 0 .1 9 9 3 0 ;2 8 3 6 O . I 52O 0 .1 7 9 3 0 .3 3 3 5
1 .2 0 .2 0 7 5 0 .2 9 7 7 0 .1 6 2 2 0 .1 8 9 5 O .3I 57
1 .4 0 .2 1 1 2 0 .3 0 5 4 0 .1 6 9 1 0 .1 9 5 6 0 .2 8 9 2
1 . 6 0 .2 1 1 3 О .3077 0 .1 7 3 3 0 .1 9 8 5 0 .2 5 7 8
1 .8 0 .2 0 8 7 О .3055 O . I 752 0 .1 9 8 6 O .225I
2 .0 0 .2 0 4 1 0 .2 9 9 8 O . I 754 ■ 0 .1 9 6 7 0 .1 9 3 6
2 .2 0 .1 9 8 0 O .29I 3 0 .1 7 4 1 O . I 93I 0 .1 6 5 9
2 .4 0 .1 9 0 9 0 .2 8 0 5 0 .1 7 1 8 0 .1 8 8 3 0 .1 4 3 7
2 . 6 0 .1 8 3 3 0 .2 6 8 0 0 .1 6 8 6  . 0 .1 8 2 7 O . I 3OI
2 . 8 0 .1 7 5 5 0 .2 5 4 2 0 .1 6 4 9 0 .1 7 6 4 0 .1 2 3 9
3 .0 0 .1 6 8 0 0 .2 3 9 6 0 .1 6 0 4 0 .1 6 9 4 O . I I 74
3 . 2 0 .1 5 0 2 0 .1 2 2 4 0 .1 5 5 3 0 .1 6 1 9 0 .1 1 0 6
3 .4 0 .1 4 3 0 0 .1 1 2 1 0 .1 4 9 7 O . I 54I 0 .1 0 3 7
3 .6 0 .1 3 5 6 0 .1 0 1 9 0 .1 4 3 7 0 .1 4 6 0 0 .0 9 6 8
3 .8 0 .1 2 8 3 0 .0 9 2 0 0 .1 3 8 1 0 .1 3 8 4 0 .1014
4 . 0 0 .1 2 1 0 0 .0 8 2 4 0 .1 3 1 8 0 .1 3 0 4 0 .0 9 4 1
4 . 2 0 .1 1 3 8 0 .0 7 3 3 0 .1 2 5 6 0 .1 2 2 6 0 .0 8 7 1
4 . 4 0 .1 0 6 9 0 .0 6 4 7 0 .1 1 9 3 O . I I 5O 0 .0 8 0 5
4 . 6 0 .1 0 0 1 0 .0 5 6 7 O . I I 32 0 .1 0 7 6 0 .0742
4 . 8 0 .0 9 3 6 0 .0 4 9 2 O .IO 72 0 .1 0 0 6 0 .0 6 8 3
5 .0 0 .0 8 7 4 0 .0 4 2 3 0 .1 0 1 4 0 .0 9 3 8 0 .0 6 2 8
5 .2 0 .0 8 1 5 0 .0 3 6 1 0 .0 9 5 7 0 .0 8 7 4 0 .0 5 7 6
5 .4 0 .0 7 5 8 О.О305 0 .0 9 0 2 0 .0 8 1 3 0 .0 5 2 8
5 .6 0 .0 7 0 5 0 .0 2 5 5 0 .0 8 4 9 0 .0 7 5 5 0 .0 4 8 3
5 .8 0 .0 6 5 5 0 .0 2 1 2 0 .0 7 9 9 O.O7OI 0 .0441
6 .0 0 .0 6 0 8 0 .0 1 7 6 О.О75О 0 .0 6 5 0 0 .0 4 0 3
6 . 2 0 .0 5 6 4 0 .0 1 4 6 0 .0 7 0 4 0 .0 6 0 2 0 .0 3 6 7
6 .4 0 .0 5 2 3 0 .0 1 2 2 0 .0 6 6 0 0 .0 5 5 6 0 .0 3 3 5
6 . 6 0 .0 4 8 5 0 .0 1 0 5 0 .0 6 1 8 0 .0 5 1 4 О.ОЗО5
6 .8 0 .0 4 5 0 0 .0 0 9 6 0 .0 5 7 9 0 .0 4 7 5 0 .0 2 7 7
7 .0 0 .0 4 1 7 0 .0 0 8 9 0 .0 5 4 1 0 .0 4 3 8 0.0252
7 .2 0 .0 3 8 6 0 .0082 О.О5О5 0 .0 4 0 4 0 .0 2 2 9
7 .4 0 .0 3 5 8 0 .0 0 7 6 0 .0 4 7 2 О.ОЗ72 0 .0 2 0 7
7 . 6 0 .0 3 3 1 O.OO7O 0 .0440 0 .0 3 4 2 0 .0 1 8 8
7 .8 0 .0 3 0 6 0 .0 0 6 4 0 .0 4 1 1 O.O3I 5 O .O I7O
8 .0 0 .0 2 8 3 0 .0 0 6 0 0 .0 3 8 3 О.О29О O .O I54
8 . 2 0 .0 2 6 1 О.ОО54 0 .0 3 5 6 0 .0 2 6 6 0 .0 1 3 9
8 .4 0 .0 2 4 1  . O.OO5O 0 .0 3 3 2 0 .0 2 4 4 0 .0 1 2 6
8 .6 0 .0 2 2 2 0 .0 0 4 6 0 .0 3 0 8 0 .0 2 2 4 0 .0 1 1 4
8 .8 0 .0 2 0 5 0 .0 0 4 2 0 .0 2 8 7 0 .0 2 0 6 0 .0 1 0 3
9 .0 0 .0 1 8 9 0 .0 0 3 9 0 .0 2 6 6 0 .0 1 8 9 0 .0 0 9 3
9 .2 0 .0 1 7 4 0 .0 0 3 6 0 .0 2 4 7 0 .0 1 7 3 0 .0 0 8 4
9 ;4 0 .0 1 6 0 0 .0 0 3 3 0 .0 2 3 0 0 .0 1 5 8 0 .0 0 7 6
9 .6 0 .0 1 4 7 0 .0 0 3 0 O.O2I 3 0 .0 1 4 5 0 .0068
9 .8 0 .0 1 3 5 О.ОО27 0 .0 1 9 8 O .O I33 0 .0 0 6 1
1 0 .0 0 .0 1 2 4 0.0025 0 .0 1 8 3 0 .0 1 2 1 0 .0 0 5 5
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Ca . n a t . W Ca
0 . 2 0 .1 0 8 3 0 .2 6 6 6
0 . 4 0 .1 5 6 2 0 .3 5 8 3
0 . 6 0 .1 9 1 6 0 .4 0 6 1
0 . 8 0 .2 1 6 4 0 .4 2 1 6
1 .0 0 .2 3 2 7 0 .4 1 3 9
1 .2 0 .2 4 2 0 0 .3 9 0 4
1 .4 0 .2 4 5 6 0 .3 5 6 8
1 .6 0 .2 4 4 8 0 .3 1 7 8
1 .8 0 .2 4 0 4 0 .2 7 6 9
2 .0 0 .2 3 3 3 0 .2 3 6 8
2 .2 0 .2 2 4 3 0 .1 9 9 8
2 .4 0 .2 1 3 8 0 .1 6 7 4
2 . 6 0 .2 0 2 4 0 .1 4 0 8
2 . 8 0 .1 9 0 5 0 :1 2 1 0з .о 0 .1 7 8 3 0 .1 0 9 8
3 .2 0 .1 6 6 0 0 .1 0 0 2
3 .4 0 .1 5 3 9 0 .0 9 Ю
3 . 6 0 .1 4 1 9 0 .0 8 2 2
3 .8 0 .1 3 0 4 0 .0 7 4 0
4 .0 0 .1 1 9 3 0 .0 6 6 3
4 . 2 0 .1 0 8 9 0 .0 5 9 1
4 . 4 0 .0 9 9 2 0 .0 5 2 5
4 . 6 Q.09O1 0 .0 4 6 5
4 . 8 0 .08X 8 0 .0 4 1 0
5 .0 0 .0 7 3 8 0 .0 2 1 7
5 .2 0 .0 6 6 7 0 .0 1 9 1
5 .4 0 .0 6 0 3 0 .0 1 6 7
5 .6 0.054-4 0 .0 1 4 7
5 .8 0 .0 4 9 0 0 .0 1 2 8
6 .0 0 .0 4 4 1 0 .0 1 1 2
6 . 2 0 .0 3 9 7 0 .0 0 9 8
6 .4 0 .0 3 5 6 0 .0 0 8 5
6 . 6 0 .0 3 2 0 0 .0 0 7 4
6 .8 0 .0 2 8 7 0 .0 0 6 5
7 .0 0 .0 2 5 7 0 .0 0 5 6
7 . 2 0 .0 2 3 0 0 .0 0 4 9
7 .4 0 .0 2 0 5 0 .0 0 4 2
7 .6 0 .0 1 8 4 0 .0 0 3 7
7 .8 0 .0 1 6 4 0 .0 0 3 2
8 .0 0 .0 1 4 6 0 .0 0 2 8
8 . 2 0 .0 1 3 0 0 .0 0 2 4
8 .4 0 .0 1 1 6 0 .0 0 2 1
8 .6 0 .0 1 0 4 0 .0 0 1 8
8 . 8 0 .0 0 9 2 0 .0 0 1 5
9 .0 0 .0 0 8 2 0 .0 0 1 3
9 .2 0 .0 0 7 3 0 .0 0 1 1
9 .4 0 .0 0 6 5 0 .0 0 1 0
9 .6 0 .0 0 5 8 0 .0 0 0 9
9 .8 0 .0 0 5 1 0 .0 0 0 7
1 0 .0 0 .0 0 4 6 0 .0 0 0 6
-  12  -
FIGURE
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F ig .  2
F ig .  3
CAPTIONS
L ogarithm ic p lo t  o f  N (E ) /Е  f o r  n eu tron  e m is s io n s  
fo llo w in g  bombardment Na, Mg, S, K, Ca and Ti w ith  14 MeV 
n e u tr o n s . The ex p er im en ta l v a lu e s  from r e f s .  C3»^ 1 in d i ­
ca ted  by • .  The s o l i d  cu rv es  g iv e  the c a lc u la t e d  v a lu e s  
f o r  ta r g e t s  o f  n a tu r a l i s o t o p ic  abundance, w h ile  the dashed  
l i n e s  show th ose  o n ly  fo r  t a r g e t s  w ith o u t com ponents not 
g iv in g  (n ,2 n )  r e a c t io n s .
L ogarithm ic p lo t  o f  N (E ) / E ^ 11 f o r  n eu tron  e m iss io n s  
fo llo w in g  bombardment In , Sb, I ,  C s, Се, Та and Hg w ith  
14 MeV n e u tr o n s . The ex p er im en ta l v a lu e s  from r e f .  [4] 
in d ic a te d  by • .  The s o l id  cu rv es  g iv e  th e c a lc u la te d  v a l ­
u es f o r  ta r g e t s  o f  n a tu r a l i s o t o p ic  abundance.
L ogarithm ic p lo t  o f  N (E )  /Е  fo r  n eu tron  e m is s io n  f o l ­
low in g  bombardment Cr, Mn, Zn, S r , Pb and Bi w ith  14 MeV 
n eu tro n e . The ex p er im en ta l v a lu e s  from  r e f .  [3 ,4 ]  in d i ­
c a ted  by • .  The s o l i d  cu rv es g iv e  th e c a lc u la t e d  v a lu e s  







F i g .  2.
F i g .  3
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